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A TRANSONICWIND-TUNNELINVESTIGATION

OFTHELONG13?UDINMFORCEANDMOMENTCHARACTERISTICS

OFTWODELTAWINGSAND0N3CLIPPED-TIPDELTAWINGOF

.’ 4 PERCENTTECCKNESSONA SLENDERBODY.

ByWilMamE.PalmerandDaleL.Burrows

An investigation
tunneltbcomparethe

s~

hasbeenmadeintheLangleytransonicb&down
staticlongitudinalcharacteristicsofanaspect-

ratio-kdelta-wing,aaaspect-ratio-3deltawing,anda sweptwing
(closelyapproachinga clippeddeltawing)ofaspectratio3with
45°leading-edgesweepanda taperratioofO.2.All -S had NACA
65Ao04airfoilsectionsstreamwise.me MSChntierrangewasfrom0.67
to1.38atanglesofattackashighas20°.Atlowanglesofattack,the
Reynoldsnumberwasabout5 x 106.

Resultsofthetivestigationindicatethat,throughtheMachnuniber
rsngetested,theaspect-ratio-4deltawinghadthehighestkh?t-curve
slopeatzerollftandthehighestvalueofJ3ft-dragratio;md the
aspect-ratio-3deltawinghadtheleastshiftofaerodynamiccenterin
goingfromsubsonictosupersonicspeeds.Reductionoftheaspectratio
byc~ppingthetipshadlessadverseeffectonSXLaerodynamiccharac-
teristicsthandida reductionofaspectratiobyincreasingthesweep
an@e;SO, in general,thecl-ipped-~co~i~ti~ ~ betterc~ac-
teristicsthanthefulldelta-wingconfiguration“ofthe’ssmeaspectratio.
Allwinm ~bited a s14ghtjog@einthelift.curvesanda destabilizing
joggle& the
highsubsonic

Theneed

pitching-mmient-c&ves atmoderateliftcoefficientsand
speeds.

INTRODUCTION

forhigh-speedwingPM formsthatmustnecessarilybe
a compromisebetweentheaerodynamicre@ements oflowdragandgood
stabili~andtheloadingdemandsonstructurehasledtonumerous

), ,

. . ..- . . ..—. -.—. — —.- — -.. — .---. .— —- --— .-— —— —-— -—— —– —- ~.. -

,.



—. —-— ——— ., —.— ..- ..—.z .~. _ . ..— — .-

,.

●

2 NACARML5~07a

investigationsofthesubsonicandsupersoniclongitudinalcharacter- “
isticsofa varietyoflow-aspect-ratio@an forms.Forexample,in
reference1 thesubsonicandsupersoniccharacteristicsatReynoldsnum-
bersfromabout1,5x 106toabout> x 106ofa ratherlargenuniberof
wing-fuselageconfigurationseqployinglow-aspect-ratiowingsofvarious
planforms.hsyebeensumnsrized.Forthetransonicspeedrange,refer-
ences2 and3 presenttheresultsofextensivesystematicinvestigations
ofthewing-alonecharacteristicsofthin,low-aspect-ratio,tapered
wingsbythetransonic-bumptechnique.Reference2 presentsthetran-
soniccharacteristicsofdeltawingsandclippeddeltawingsofvarious
thicknessratiosandaspectratiosatReynoldsnumbersofabout2.5x106,
whereasreference3 presentsthecharacteristicsoffullytaperedand
clippedwingshavingvariousleading-edgeandtrafling-edgesweepangles
atReynoldsnunibersofabout0.9x 106.Thissummaryoftheaforemen-
tionedinvestigationssuggeststheneedfortransonicinformationatrela-
tivelyhighReynoldsnuuibersandwiththewinginthepresenceofabcdy.

Thepresentinvestigationisthesecondofa seriesathrgerscale
intheLangleytrmonicblowdowntunnelonthelongitudinalcharacteris-.
ticsofdelta-wing~odycombinationsthroughthetrsmord.cspeedrange.
Theeffectofleading-edgecEU&erona deltawingofaspectratio3 and
thicknessratioof3 percenthasbeenreportedinreferencek. The pres- A-
entreportcontainsthecharacteristicsofanaspect-ratio-4deltawing,
anaspect-ratio-3deltawing,wada modifieddeltawingofaspectratio3
andtaperratio0.2.KU threewingswere4 percentthickandweretested
ona cylindricalbodyoffinenessratio9.63.The testsweremade at
Machnuuibersfrom0.67to1.38atsaglesofattackupto200.The -

“Reynoldsntierbasedonthe
anglesofattackupto1.20.

meanaerodynamicchordwasabout5 x 106at

9YMEOLS

!0 dragcoefficient,tiag/qS

%0 dragcoefficientatzerolift

% liftcoefficient,Lift/qS

% pitching-momentcoefficient,‘tc~ momentaboutE’/4
(@E

L~ iift-dragratio

(L/D)H msximumvalueoflift-dragratio

% opt liftcoefficientat (L/D)=
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wingmeamaerodynamicchord,~
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spanwisedistancefromandnormaltomodelcenterline

%)-%0
drag-due-to-liftfactor, ~2

u

averagefree-streamlkchnuderatmodellocation

free-stream

free-stream

free-stream

staticpressure
.

absolutestagnationpressure

-c pressure,ypM2/2

ratioofspecificheats,1.4forair

free-streamReynoldsntierbasedon F

angleofattackofmodelcenterline,deg

taperratio,Tipchord
Rootchord

Amms ANDMErHoDs

Models

Detailsofthethreewing-bodyconfigurationstestedareshownin
figure1. A3J_wingshadNACA65Ao04airfoilsectionspsralleltothe
=el centerMne =were locatedonthebodysuchthatthe ~~ point
foreachwingwasatthessmelongitudinalbodystation.Thefirstwing
wasanaspect-ratio-ldeltawing(45°leading-edgesweep).Thesecond
wingwasa deltawingofaspectratio3 (53°le@@&edge sweeP)..me

.——.—_. —-. -—— -——. .—..-——. . .
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thirdwing,hereinreferredtoasthec~ppedwing,hadanaspectratio .

of3 withIeaiting-edgesweepof45° and a taperratioof0.2: Inorder
forthewingtohavethisplanform,thetrailingedgewasnecessarily
swept6.3°.Thetipswereformedbyrevolutionofthetip-sectionordi-
natesa%outthechordline.A photographofthismodelisshownin
figure2. AJlwingsweresolidsteelandweremounted,withzeroinci-
denceandzero&ihedrsJ,atthekmdycenterline.

Thebodywasa
etersinlengthand
bodywas9.63.The
diameters.

hollowsteelshellha- anogivalnose3.5diam-
a cylindricalafterbody.Thefinenessratioofthe
radiusofcurvahmeoftheogival.nosewasX2.5body

Tunnel

TheinvestigationwasconductedintheLsngleytransonicblowdown
tunnelinwhichMachnmibersupto1.4canbeattained.Ata givenllach
nuder,theReynoldsnmibercanbevariedfromapproxbately8x 106to
24x 106perfootofchordbyvsryingthestagnationpressurefrom25to
70lb/sqin.abs(psia).Machnmiberdistributionatthemodellocation -
wasconstantwithin*0.01. (See ref.4 fordistribution.)

Theimestigationcovered
anglesofattackfromabout0°
70lb/sqin.absandatangles
pressureof35lb/sqin.abs.

Tests

a hch nuniberrangefrom0.67to1.30at
to12°fora stagnationressureof

~ofattackfrom10°to20 fora stagnation
Fora llachnuniberof1.38,datawere

obtainedata st&nationpressureofx lb/sqin.absat-anglesofattack
fromabout0°to12°.Thelimitsofangleofattackweredictatedbybal-
anceloadlimitationsorbytheangle-of-attackmechanism.Reynoldsnm-
%ersbasedon ~ forthevarioussta~tionpressuresareshownin
figure3. Foralltests,thesurfaceofthemodelwash a smoothcondi-
tion.Shockreflectionsfromthetunnelwallintersectedthemodelat
Machnumbersbetweenabout1.04and1.10.Ihaswchasthiscond~tion
introducestunnel-walleffectsontheforceandmomentdatawhichmaybe
a~reciable,nosuchdatasrepresentedinthisMachnumberrange.

Measurements

Themodelwasattachedtoaninternalthree-componentstrain-gage
balancewhichinturnwasattachedtoa stingsupport.(Seefi.gure1.)
Twosmallpressuretubesextendedinsidethe
purposeofrecordingbasepressures.Normal
moment,smdbase-pressuredatawererecorded

baseofthebodyforthe
force,chordforce,pitching I
simultaneouslyonfilm.The
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chord-forcecoefficientwasadjustedtoa conditionofbasepressure
equaltofree-streamstaticpressure.Normal-andchord-forcecoeffi-
cientswereconvertedtoliftanddragcoefficientsbytheusualmethods.
Inadditiontothepreviously-mentionederrorin~ch ntierdistribu-
tion,thereisa
overall.accuracy

Reference5

variationo>lhchnumber
iswithin*0.015.

Corrections

withangleofattack,andthe

showsthat,forslottedtunnelswheretheratioofmodel
sizetotunnelsizeisaboutthatofthepresentinvestigation,thejet-
boundaryeffectssrenegligible;therefore,nosuchcorrectionhasbeen
madetothedata.Angleofattackwascorrectedforsti.ngandbalance
deflectionresultingfromaerodynamicload.

Aninvestigationtodeterminethestaticeffectsofelasticimindic-
atedthatforthemostflexiblewingtheaeroelasticityproduceda maxi-
mumdecreaseinlift-curveslopeontheorderof2 percentanda forward
shiftinaerodynamic-centerpositionoflessthanO.OIF.Inthedata
presented,however,nocorrectionforaeroelastici~hasbeenapplied.

Inasmuchasnoothersystematicerrors
believed’thatanindicationoftheaccuracy
minedfromthescatteroftestpoints.

areknowntoexist,itis
ofthedatacanbestbedeter-

PRESENTATIONOFRESULTS

Theresultsoftheinvestigationarepresentedasfollows:

Figure

~ ~inst a for.
Aspect-ratio-kdeltawing.. . . . . . . . . . . . . . . . . . . ka)

[Aspect-ratio-3deltawing.. . . . . . . . . . . . . . . . . . . 4b)
Aspect-ratio-3c13ppedwing.. . . . . . . . . . . . . . . . . . 4(c)

(dC#@~~ -t M forallwings.. . . . . . . . . . . . . . .5

CD a~hst c
%

for-
Aspect-ratio-deltawing..
Aspect-ratio-3deltawing..
Aspect-ratio-3c~ppedwing.

CD ~tit M fOr~ l?iLlgS.

. ..*. . . . . . . . ...0 . . . I.6a)● . . . . . . . . . . . . . . .*O 6b)

. . . . . . . . ...0 ..*.O- 6 C)

. . . . . . . . . . . . . . . . ..** 7

. .

.. —... _____ ___ _____ ~——.. . ..— _ —z . .
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L/D against~ for-
Aspect-ratio-4deltawing..
“Aspec&ratio-3deltawing..
Aspect-ratio-3c~ppedwing.

(L/D)= and ~qt against

% a@~t ~ for-
Aspect-ratio-4deltawing..
Aspect-ratio-3deltawing..
Aspect-ratio-3clAppedwing.

Measurements
Machnumbersthan
@i@ ofresults
thick,deltawing

. ...0. ● O*... ● ..,=* 18 a)

.* .*..* .* **.** ● . . .8b)

. . . ...0 .. *..** ● **. 8 C)

Mfor allwings. . . . . . . . ...9

. . . ...* . . . “** . . . . . 10(a)

. . . . . . . . . . . . . . . . .

[

10b)
. ..0..0 . . . . . . . . . . 10 c)

allwings. . . . . . . . . . . ..U

DIHXJSSION

fortheaspect-ratio-3deltawingweremadeatfewer
fortheothertwowingsbecauseoftheexpectedsimi-
tothoseoftheuncanibered,aspect-ratio-3,3-percent-
reportedinreference4. Comparisonoftheresultsof

thepresenttivestigationwiththoseofreference4 indicatesthatthese
twodeltawingsofdifferentthicknessratiodoexhibitsimilarLiftand
pitching-momentcharacteristicsalthougha differenceh dragatsuper-
sonicspeeds(commensuratewiththedifferenceinthicknessratio)was
measured.

Thebasicliftdata

LiftCharacteristics

arepresentedinfigure4. Ingeneral,the
curvesarelJneartoabout0.4lAftcoefficientatallMachn~ers. AU_
threewingshavea slightjoggleinlift-curveslopeatliftcoefficients
from0.6to0.8athighsubsonicI@chnumbers.Althoughmaximmlift
coefficientwasnotreached,indicationsme thatthedeltawingofaspect
ratio3 haslessroundingoffatthehigheranglesofattackthanthe
othertwowingsatlowersubsoniclkchnumbers.Highermaxinmmliftcoef-
ficientwouldbeexpectedtoresultfromtheincreasedleading-edgevor-
texstrengthonthewingofhighestleading-edgesweepatthelowerspeeds.
(Seeref.6.) Reference7 indicatesthatthistrendreversesata l&ch
numberofabout0.93.

ThemeasuredvaluesofUft-curveslopepresentedinfi~e 5 show
that,ofthethreewingstested,theaspect-ratio~deltawinghadthe
highestlift-curveslopeandwe aspect-ratio-3deltawinghadthelowest

~.

—. ———. — —.. ——.-— .—. —_ ——_____ __
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throughouttheMachnumberrange.Thus,itisseenthata reductionin
aspectratiofrom4 to3 byclipphgthe,tipofthewingislessdetri-
mentaltothelift-curveslopethanbyincreasingtheleading-edgesweep.
ThisconclusionisinqualitativeWeementwiththeoryasmaybeseen
fromfigure~.

AlthoughthemeasuredlJft-curveslopeswerelessthantheory,the
aspect-ratio-kdeltawinghada Mft—curveslopewhichwashigherthan
thatoftheaspect-ratio-3deltawingbyaboti20to30percent,which
wasaboutthepercentagedifferencepredictedbytheoky.Theaspect-
ratio-3clippeddeltawinghada lift-curveslopewhichwashigherthan
theaspect-ratio-3fulldeltawingbyabout15to20percentwhichwas
a relativelyhigherpercentagethanwaspredictedbytheory.Thefact
thattheclippeddeltatig produceda lift—curveslopeclosertotheory
thanthefulldeltawingmaybeexplainedbythefactthatthetheory
doesnottakeintoaccounttherelativelylsrgeareaofseparatedflow
atthetipsofthefulldeltas.(Seeref.6 fora discussionoftheflow
phenomenaoverthinsweptwings.) Themethodofreference8wasusedto
obtainthetheoreticallift-curveslopesforthewing-bdycombinations.
Thismethodrequireswing-alonelift-curveslopes,whichwereobtained
forsubsonicspeedsfromthetheoryofreference9 andforsupersonic
speedsfromthe

Basicdrag

theory

polars

ofreference10.

DragCharacteristics

arepresentedinfigure6. Figure7 showsthat
thetransonic-drag-coefficientriseof0.0082atzeroliftfortheaspect-
ratio-3deltawingisslightlylessthaafortheothertwowingsand-
beginsata slightlyhigherMachnmiber.Thisdifferencemightbeattrib-
utedtothehighersweepanglewhichreducesdraginitsekfandalsopro-
ducesa morefavorablelongitudinalareadistribution.At subsonicspeeds
andatthehighestMachnumberattained,theminimmdragisaboutthe
ssmeforallwings.Atliftcoefficientsof0.3andgreater,thevalues
ofthedragcoefficientsoftheclipped~ areveryclosetothosefor
theaspect-ratio-!deltawing,particularlyatsupersonicMachnumbers,
a factwhichfurtherindicatestheimportanceofleading-edgesweep.

Figure8presentsL/D plottedagainstliftcoefficientforthe
threewing-bodycotiinations.Valuesof (L/D)m and ~t weretaken%
fromfigure8andplottedagainstMachnuderinfigme9 to-showtha.t
(L/D)- isabout3 percentlowerfortheclippedwingthanforthe
aspect-ratio~deltawingandabout8percentlowerfortheaspect-ratio-3
deltawingthanfortheaspect-ratio-4deltawing.Thisindicatesthata
reductionh aspectratiobycld.ppingthetips(nochangeinleading-edge
sweep)islessdetrimentalto (LfD)m thanbyincreasingtheleading-
edgesweep.Ingeneral,allthreewingsloseanincrementofabout4 in

.— --—— ..- .. —. -. —
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(L/D)= betweena Machnuniberof0.95and1.05.TheMft coefficient -
at (L/D)- isabouttheS= fortheaspect-ratio-4delta~ ~ the
clippedwingbutislowerfortheaspect-ratio-3deltaw5ngbetweenI&ch
num%&sofabout0.9to1.2.

Thetheoreticalval.uesof (L/D)=

obtainedfromtherelation

drag-due-to-liftfactorK

obtainedfromreference10

wastakenas

forsupersonic

presentedinfigure9 were

fullleading-edgesuction,we

L forsubsonicspeedsandwas
W
speeds.Thevaluesof K for

zeroleading-edgesuctionweretakenas L/ar-l\ ?

(’wq~awasobtainedfromthetheoretical.values

where

offigure5.
Experimentfallsbetweenthefull-andzero-suctiontheories,andthe
trendswithMachnumberandplxmformsregenersXlywellpretictedby
theory.Aswasthecasefor (’%/ti)~a,-er~en~ valuesof
(L/D)= arehigherrelativetothetheoreticalvaluesfortheclipped

fact
over

thanforthetwodeltaw@s.
thatthelossofliftoverthe
thecli~edwingtips.

Again,thisisprobablyduetothe
deltawingtipsisgreatertha.nthat

Pitching-Moment Characteristics

Thebasicpitching-momentcurvesoffigure10aregenera13ylinear
foraJ3.wingst;atIe=st0.3liftcoeffici&t.AtMac~nunibersless
thanO.94, theclipped-wingcurvessxelineartogreatervaluesof ~
thanarethoseforthedeltawings.A decreaseinstabili~,which
occursforsXLwingsatsubsonicMachn~s andmcderateliftcoeffi-
cients,iscoincidentwiththejoggleimtheUft-curveslopepreviously
mentionedandappearstobetheresultofa flowphenomenoncharacteris-
ticofdelta-s. (See,forexanple,ref.il.)Thereissomeindica-
tionthattheflowintheunstableregionmaybeaffectedbyReynolds
ntier. (Seethecurvesfor M .0.96and0.g7.)

Clippingthewingtipappearstohprovethehighliftinstability
onlyslightly.Itisofinteresttonotethatclippingthetipsofa
60°deltawing(ref.1.2)toa taperratioof0.2’5resultedinelimination
oftheinstabill~joggle.Thisapparentinconsistencywiththepresent
dataisexplainedbyfigme15ofreference13whichshowsthatthehigh- “
s~eedstabili~boundsryisdeterminedLargelybyaspectratioand

— —. —— —— ._
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quarter-chordsweepfromwh@h itmaybeseenthatclippingtheaspect-
ratio-kdeltawingofthepresenttivestigationmightnotreducethe
aspectratiosufficientlyforappreciablyimprovedstab~a.

Ihmthe curvesof (d~d~)%a presentedinfigure11,itis

seenthatthereazward aerodynamic-centershiftthrougjhthe.transonic
rangeisaboutO.Il.fortheaspect-ratio->deltawingandabout0.15F
fortheothertwowingsbetweenMachnumbersof0.87and1.20.Theoqy
showsthattheshiftisgreaterfortheaspect-ratto-4deltawingthan
fortheaspect-ratio-3deltawingandalsothatatsupersonicspeedthe
aercdywmiccenterforbothdeltawingsisaboutO.WF. Thisissome-
whatrearward oftheexperimental.location,a factwhichw beattrib-
utedtolossofliftonthetips.Inordertoobtainthetheoretical
aerodynamiccenterforthedeltawings,themethodofreference8has
beenusedinconjunctionwithwing-alonelift-curveslopestakenfrom
references9 and10andwing-alonecentersofpressuretakenfromrefer-
ence14. Theoreticalaerodynamiccenterhasnotbeencalculatedforthe
clippedwingbecauseofthecomplexityof
inthetransonicrange.

CONCLUSIONS

Aninvestigationattransonicspeeds
tudinalaerodynamiccharacteristicsofan

themethodsthatarereliable

todeterminethestaticlongi-
aspec~ratio-4deltawing,an

aspect-ratio-3deltawing,anda sweptwingcloselyapproachinga clip~ed
deltawingofaspectratio3,eachincombinationwitha body,ledtothe
followingconclusions:

1.Theaspect-ratio-4deltawinghadthehighestlift-curveslope
sndthehighestvalueofmaximumlift-dragratiothroughtheMachnuniber
range.

2. The aspect-ratio-3deltawing
fromsubsonictosupersonicspeedsof
chordascomparedwith15percentfor

3.Reductionoftheaspectratio

hadanaerodynamic-centershift
about11percentmeanaerodynamic
theothertwowings..

byclippingthetipshadless
adverseaffectthanreductionoftheaqectratiobyincreasingthesweep
angle;therefore,fora wingofaspectratio3,theclipped-wingconfig-
uration,ingeneral,hadbettercharacteristicsthanthefull-taper
configuration.

. .
. . --———. . - ..—-— ——. .-—-.— .
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4. Allwingsexhibiteda, slightJoggle
destabiliz~joggleinthepitching-moment
ficientsandh+ghsubsonicspeeds.

LangleyAeronauticalI@oratory,
NationslAdvisoryComitieeforAeronautics,

LangleyField,Va.,Januaxy6,1955.
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